Increased clonogenic potential of circulating endothelial progenitor cells in patients with type 1 diabetes and proliferative retinopathy To the Editor: The identification of endothelial progenitor cells (EPCs) along with the description of their essential role in postnatal neovascularisation has been a major achievement for stem cell biology [1] .
In particular the finding that the clonogenic potential of EPCs is reduced in patients with high cardiovascular risk [2] represents the first step towards the recognition of the therapeutic effect of EPC transplantation in cardiac and limbic ischaemia [3, 4] .
However, two harmful side effects are expected to be associated with EPC transplantation as a consequence of their physiological function: malignant tumour neovascularisation and the induction of proliferative diabetic retinopathy [1] . The contribution of EPCs to tumour neovascularisation has been clearly demonstrated in animal models and confirmed, although to a lesser extent, also in humans [5] .
Concerning diabetic retinopathy, recent reports have demonstrated that EPCs play a major role in the retinal neovascularisation of a mouse model of proliferative retinopathy [6] , and that the concentration of stromalcell-derived factor 1, the most important chemokine mobilising EPCs, increases with the severity of diabetic retinopathy in vitreous samples of patients affected by type 2 diabetes [7] . These studies are in some way in contrast to two independent reports performed in non-complicated patients showing that type 1 diabetes per se is associated with a reduced number and function of EPCs [8] , and that EPCs in type 2 diabetes are impaired in adhesion, proliferation and tubulisation [9] .
Finally, a recent study has demonstrated an increased number of CD34+ mononuclear cells in patients affected by type 2 diabetes with both non-proliferative and proliferative retinopathy [10] . Although of interest, these results cannot be easily compared with the ones described above as EPCs represent only one of the different classes of circulating cells staining positively for CD34+ [1] .
Taken together, and from a largely speculative point of view, these apparently discrepant results can be explained by a unifying hypothesis. Taking into account the fact that EPCs have a physiological role in the rescue and maintenance of the existing retinal capillary bed [11] , it is possible to hypothesise that the reduced number and clonogenic potential of EPCs found in non-complicated diabetic patients [8, 9] might predispose these patients to the later development of diabetic retinopathy. Once the damage is widespread and specific chemokines are produced by the suffering retina, the bone marrow would respond by increasing the production of EPCs, which at this stage, possibly because of the high ambient glucose and/or the badly damaged retina, would give rise to an incompetent neoangiogenesis.
To test this hypothesis and verify the possible association between the clonogenic potential of circulating EPCs and proliferative diabetic retinopathy, we isolated EPCs from whole blood obtained from 11 patients with type 1 diabetes and untreated proliferative retinopathy, from 12 patients without retinopathy despite similar age, gender distribution and duration of type 1 diabetes, and from 11 age-and sex-matched non-diabetic controls. Patients affected by type 1 diabetes took no medication other than insulin. Clinical characteristics of subjects included in the study are described in Table 1 .
Patients were classified with respect to the status of diabetic retinopathy by means of stereoscopic fundus examination and fluorescent angiography. Patients considered for this study either had no signs of diabetic [12] . Investigators who measured the number of colony-forming units of EPCs were blinded for the retinal status of patients enrolled in the study.
The number of colony-forming units of EPCs was measured in peripheral blood samples according to the method described by Hill et al. [2] , with minor modifications. Briefly, peripheral blood monocyte cells (PBMCs) were isolated and seeded into Petri dishes previously coated with endothelial cell attachment factor (Sigma, St Louis, MO, USA). Cells were cultured in M199 medium supplemented with 20% fetal bovine serum. Forty-eight hours after seeding, supernatant was removed, PBMCs were detached by trypsinisation and resuspended. After spinning (2,000 g for 10 min), cells were spun and reseeded (1×10 6 per well) into 24-well plates. Seven days after seeding, the experiment was stopped and colonyforming units of EPCs were counted in a minimum of ten wells for each patient.
Confirmation of endothelial-cell lineage was performed in random samples by indirect immunostaining using specific antibodies directed against CD31 and CD133 [13] .
Data are shown as arithmetical means with SEM. Comparisons between groups were by ANOVA and multiple comparisons by the Tukey-Kramer test (JMP software for the Apple Macintosh; SAS Institute, NC, USA). Correlation of EPC colony-forming units and HbA 1c was performed by linear regression analysis. The null hypothesis was rejected at the 5% level (two-tailed).
As shown in Fig. 1 , we found that the number of EPC colony-forming units per 1×10 6 PBMCs was increased in patients with proliferative retinopathy (15.4±1.7 colonies±SEM) when compared with patients without retinopathy (1.6±0.7, p=0.0001). Non-diabetic controls showed an intermediate number of EPC counts (9.5±2.4) that were nonetheless significantly increased with respect to patients without retinopathy. As shown in Fig. 2a , in patients without retinopathy there was an inverse correlation between the number of colony-forming units and HbA 1c (p<0.05), confirming previous results [7, 8] . No correlation between these two parameters was found in patients with proliferative retinopathy (Fig. 2b) . Although, as shown in Table 1 , HbA 1c was significantly increased in diabetic patients with proliferative retinopathy (p=0.01), it seems rather unlikely that this phenomenon might be responsible for differences in clonogenic potential between patients with and without retinopathy because, as already described above, the clonogenic potential of EPCs is inversely proportional to HbA 1c levels [7, 8] .
Our results are therefore in line with previous reports since they show that non-complicated diabetes is associated with a reduced number of EPC colony-forming units (non-diabetic controls vs diabetic patients without retinopathy: p=0.009) and that this phenomenon is in some way dependent on blood glucose control. This association is totally lost in patients with proliferative retinopathy, possibly suggesting a role of the injured retina in the mobilisation of EPCs from the bone marrow. This phenomenon could also account for the lack of difference of EPC colony-forming units between patients with proliferative retinopathy and non-diabetic controls.
In conclusion, we provide evidence that proliferative diabetic retinopathy is characterised by an increased clonogenic potential of EPCs and we believe that retinal status should be carefully monitored when EPCs are transplanted into patients affected by diabetes. In addition, the above-described hypothesis that EPCs may be involved in the pathogenesis of different stages of diabetic retinopathy cannot be ruled out by the present results.
Finally, and essentially from a speculative point of view, if our findings are confirmed by a parallel increase in the number of EPCs embedded in the vitreous and retina of patients affected by proliferative diabetic retinopathy, the use of EPCs as delivery agents for conventional or gene therapy of proliferative diabetic retinopathy can be envisaged.
